Reply to Eisenhut
To the Editor-In his recent letter, Eisenhut presents a hypothesis to explain the increased levels of IgG antibodies found in patients with cerebral malaria (CM), compared with other malaria patients, in a study conducted in Malawi [1] . In our study we could not rule out that differences in antibody levels were the result of differences in prior exposure.
It is proposed that elevated IgG levels could be explained by reduced clearance resulting from down-regulation of Fc receptors (FcR) induced by interleukin (IL)-4 in combination with tumor necrosis factor (TNF)-␣, a cytokine that is elevated in children with CM [2] . The same explanation is suggested for elevated levels of immune complexes (IC) in CM patients [3] .
Although this hypothesis is plausible, the role of cytokines in the pathogenesis of malaria is not fully elucidated and is probably very complex, possibly involving the coordinated effect of many immune mediators in addition to FcR, IL-4, and TNF-␣. High concentrations of serum Th1-type proinflammatory cytokines, such as TNF-␣, IL-1, IL-6, IL-8, IL-2 soluble receptor, IL-12, and IL-18, in patients with severe falciparum malaria have been reported extensively previously [2, 4 -9] .
Our study did not measure plasma levels of IgE, IgG IC, IgE IC, or cytokines, and therefore we focused on the antibody findings and did not speculate about related cellular immune mechanisms that could also be associated with the differential IgG levels observed. The interpretations suggested here remain conjectural and would need to be tested in additional studies.
Elevated serum IgE in patients with CM suggest an underlying imbalance in favor of the Th2 cytokines IL-4 and/or IL-13, which are primarily responsible for isotype switching from IgM to IgE and IgG4 [10] . The interaction of antigen-IgE IC or of anti-IgE IgG with monocytes via FcR might effi-ciently induce release of TNF-␣ and nitric oxide, both associated with CM and fatal outcome [2, 5, 11] . The production of Th1 cytokines is down-regulated by antiinflammatory cytokines such as IL-10 [12] and transforming growth factor (TGF)-␤ [13] , and an imbalanced TNF-␣:IL-10 ratio or and inadequate IL-10 feedback response may contribute to the pathogenesis of severe malaria [14] , CM [15] and severe malarial anemia (SMA) [16, 17] . Elevated levels of TNF-␣ and nitric oxide have also been implicated in the pathogenesis of SMA [18] as causes of dyserythropoiesis and erythrophagocytosis [19] . Severity could be related to polymorphisms in the gene promoters associated with increased TNF-␣ [20] or with decreased IL-10 synthesis [21] . Interestingly, CM and SMA have been associated with different TNF-␣ promoter alleles [22] . IL-10 is also a growth and differentiation factor for activated human B cells, together with IL-4, promoting switching to IgG, IgA, and IgM isotypes [23] ; IL-10 induces preferential production of IgG1 and IgG3, but not IgG2 or IgG4, in naive human B cells [24] .
A different possibility that was not discussed in the article is that the presence of antibodies could have a diseasepromoting role. For example, IC formation and deposition in the cerebral microvessels has been associated with CM in some studies [25, 26] , but not in others [27] . It has also been proposed that IgG or IC could bind to uninfected erythrocytes and accelerate their spleen clearance by macrophages or complement-mediated lysis, thus contributing to SMA [28, 29] . To date, however, the immunological hypotheses for the pathogenesis of severe malaria remain unconvincing.
The pediatric autopsy studies conducted in Malawi provide an opportunity to investigate the possible deposition of IC and IgE in cerebral capillaries, its potential correlation with circulating IgG, IgE, IgG IC, or IgE IC, and the role that this might have in the pathogenesis of human CM.
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